This randomised controlled trial examined anthropometric changes and cardiovascular bene®ts of six months of weight management in 110 free living women, aged 18±68 y and BMI 25±50 kg/m 2 , who received 1200 kcal/d diet treatments of either high (58% energy, n 57) or low (35% energy, n 53) carbohydrate (CHO) content. Body weight, plasma total, HDL and LDL cholesterol, triglyceride and blood pressure were measured. Examination at three months showed women on high CHO lost (mean AE s.e.m.) 4.3 AE 0.5 kg and those on low CHO lost 5.6 AE 0.6 kg of body weight. Changes in risk factors did not signi®cantly differ between the two diet treatments throughout the study. However those on high CHO diets signi®cantly lowered their plasma total cholesterol by 0.33 mmol/l (95% CI: 0.10, 0.55), LDL cholesterol by 0.23 mmol/l (0.02, 0.43) and HDL cholesterol by 0.05 mmol/l (0.03, 0.10), while women on low CHO diets lowered only plasma triglyceride by 0.28 mmol/l (0.08, 0.48). Blood pressure did not change signi®cantly on either diet. After six months, women on high CHO lost 5.6 AE 0.8 kg and those on low CHO lost 6.8 AE 0.8 kg. On the high CHO diet, total cholesterol remained signi®cantly below the baseline value at 0.34 mmol/l (0.13, 0.56), triglyceride was signi®cantly lowered by 0.27 mmol/l (0.10, 0.45), and HDL cholesterol returned to the baseline value. On the low CHO diet, triglyceride remained the only risk factor to be signi®cantly improved. A subgroup of 46 postmenopausal women lost signi®cantly (P`0.05) more weight on the low CHO diet than high CHO diet. In conclusion, these results provided some support for preferring a high CHO diet to a lower CHO approach in weight management, from the point of view of risk reduction, but do not indicate a consistently more rapid weight loss with either diet.
Introduction
Given the scale of the problem of obesity, it is surprising that good research has not established the optimal diet composition for weight loss in routine outpatient practice. Until the 1970s prevailing dogma promoted the use of low carbohydrate (CHO) diets. It was considered that ketonuria, indicating predominantly fat oxidation, would suppress appetite. More recent metabolic studies, employing modern study designs and statistical methods have revised this conclusion. It is now recognised that feeding CHO, compared to fat, leads to a greater energy expenditure (Lean and James, 1988; Astrup and Raben, 1995) . This may offer a small metabolic advantage with a tendency to waste more calories on a high CHO diet, particularly for long term weight maintenance (James et al, 1987) . The view that starchy foods such as bread and potatoes promote obesity remains widespread in the 1990s despite an almost universal shift in scienti®c opinion, to favour the use of high CHO (high ®bre) diets for slimming. Baron et al (1986) , however, described greater weight loss with a low CHO diet in a free living sample. Bortz et al (1967 Bortz et al ( , 1968 employed very low calorie diets (800 kcal/d) in a captive metabolic ward condition and found no difference between the rates of weight loss with diets containing high or low energy from CHO, leading to the classic assertion`a calorie is a calorie'. The recent inpatient study of Golay et al (1996) reached a similar conclusion with respect to weight loss. Outside metabolic ward conditions, weight loss is most importantly in¯uenced by the extent to which patients can adhere to a reducing diet. In this context, recent evidence indicates that while CHO satis®es appetite, fat consumption does not lead to a reduction in subsequent food consumption (Stubbs et al, 1995) . Protein is largely metabolised like CHO, and with relatively low and constant contribution to energy intake (about 15%), it is now considered important in weight management.
Modern weight management must evaluate medical bene®ts, rather than just weight loss, as an outcome. There is ample evidence to favour high CHO, low fat diets for improving cardiovascular risk factors, so a decision on optimal diet composition must consider the effect on risk factors from weight loss and also the effects of the diet composition. A further complexity is that there are exaggerated effects on cardiovascular risk factors during acute energy restriction, i.e. during active weight loss as distinct from the effects of weight having been lost.
The present study, as part of a bigger study of factors which in¯uence weight loss, examined weight loss and cardiovascular risk factors over six months, by which time there would be little active weight loss, on high and low CHO diets in free living individuals.
Methods

Subjects and study design
One hundred and ten women were randomly allocated to a controlled trial of high CHO (n 57) or low CHO (n 53) diets. Subjects recruited had body mass index ! 25 kg/m 2 and were free from active disease. Personal details are shown in Table 1 .
A subgroup of 23 pairs of post menopausal women in the present study were matched for age, postmenopausal age (obtained from medical history questionnaire) and body mass index. In those with a hysterectomy, follicle-stimulating hormone con®rmed postmenopausal status, and the menopause was presumed at age 50 y.
The study was conducted in a hospital outpatient clinic, with review at six week intervals for six months. Telephone contact by the dietitian was used to reduce dropouts.
Dietary advice
Two 1200 kcal/d diets were designed after pilot studies conducted by negotiation with the research dietitian to determine the lowest and highest proportion of energy from CHO which were acceptable to overweight women similar to those in the study population. A diet with 24% energy from CHO was found unacceptable so the low CHO diet was modi®ed to contain 35% CHO. A high CHO diet of 58% energy was acceptable. Full diet compositions are shown in Table 2 .
Dietary advice was given by the same dietitian (PRR). Written material described the diet in terms of exchanges (meat or alternative, bread, fruit, and allowances for milk and spreads) supported by specially written recipes. Certain foods such as jam or marmalade were included to help compliance. Subjects were asked to continue with 1200 kcal/d as long as possible, but if more was eaten, to try to use the same diet composition (high or low CHO), and proportion of exchanges.
Anthropometry
Measurements were made with subjects wearing light clothes using regularly calibrated scales and wall mounted stadiometer. Body weight was measured to the nearest 0.1 kg and height to the nearest mm. Body mass index was calculated as weight (kg) divided by height squared (m 2 ). Waist circumference midway between the lowest rib margin and the iliac crest and hip circumference at the level of the greater trochanters were measured to the nearest mm (Lean et al, 1996; WHO, 1989) . Body fat (as % body weight) was calculated from waist circumference, with age adjustment (Lean et al, 1996) .
Cardiovascular risk factors
Serum lipids (total cholesterol, HDL cholesterol, and triglyceride) were measured using standard laboratory methods. Serum LDL cholesterol was calculated using the Friedewald equations (Friedewald et al, 1972) . Systolic and diastolic blood pressure were measured with subjects lying and rested for ®ve minutes, recording 1st and 4th Korotkoff sounds.
Statistical methods
Paired t-test was used to compare the changes in measurements within each group of subjects, and independent two sample t-tests were used to compare the differences in the changes of measurements between groups of subjects. The rates of dropouts and differences in characteristics between treatment groups were compared by chi-square tests. Weight loss on intention to treat was analysed based on the last recorded weight before dropout (counting zero for those who failed to re-attend after baseline) or at study completion. Analysis used SPSS software, version 6.1.1 (Chicago, USA). The differences in weight loss between the 23 matched pairs of postmenopausal women on high CHO or low CHO diets were tested using matched pair ttest.
Results
Dropouts
There was no difference between the diet treatments in the rates of dropout at three months (w 2 0.18, P 0.67) or at six months (w 2 0.05, P 0.83). There was no difference in age of dropouts between diet treatment groups at three months (P 0.76) or at six months (P 0.84). All variables were not signi®cantly different between the two diet treatment groups. a Note: Recalculations of body mass index found two subjects whose baseline values were below 25 kg/m 2 (24.5 and 24.9). b Estimated from waist circumference, adjusted for age (Lean et al, 1996) . c BP, blood pressure.
Weight loss in completers
At three months, 84.2% (48/57) of the women on the high CHO diet and 81.1% (43/53) on the low CHO diet remained in the study, and 73.7% (42/57) women on the high CHO diet and 75.5% (40/53) on the low CHO diet completed the full six months, who lost 235.3 kg and 271.8 kg of body weight respectively. The average weight loss of subjects who dropped out of the study before six months (25%) was less than 2 kg, compared to more than 6 kg in those who completed the six months (Figure 1 ). Comparing mean changes from baseline, there was no difference in weight loss between the two diets at either three months or six months. The proportions who achieved ! 5 kg weight loss were 50% on high CHO diet and 60% on low CHO diet (difference between diet groups: w 2 0.83, P 0.36), and the proportions who lost ! 10 kg were 16.7% on high CHO diet and 17.5% on low CHO diet (difference between diet groups: w 2 0.01, P 0.92).
Weight loss on intention to treat
Analysis on an intention to treat basis showed that the 57 women on high CHO diet lost a total of 241.4 kg and 53 women on low CHO diet lost 286.8 kg during the weight management study. There was no signi®cant (P 0.22) difference in total weight loss between the two diet groups.
Comparing mean weight changes from baseline of all subjects (counting zero change for those who did not reattend after baseline), there were no differences in weight loss between the two diets at any time (Table 3) .
Anthropometry
All anthropometric measurements decreased signi®cantly from baseline values (P`0.001; except P`0.01 for the decrease in waist to hip ratio) at both three and six months (Tables 4 and 5) . A subgroup of 23 pairs of post menopausal women in the present study were matched for age, postmenopausal age and body mass index. This group underwent bone density measurements (Avenell et al, 1994) , and showed signi®cantly greater weight loss at three, six and twelve months on the low CHO diet (Table 6 ).
Cardiovascular risk factors
At three months, changes in blood lipids indicated signi®-cant falls in total cholesterol, LDL cholesterol, and HDL cholesterol on the high CHO diet, but not on the low CHO diet. Serum triglyceride fell signi®cantly in only the low CHO diet. There were no signi®cant changes in blood pressure in either group (Table 4) .
At six months, total cholesterol and serum triglyceride were signi®cantly reduced below baseline (P`0.01) while HDL cholesterol had risen to the baseline ®gure in those treated with high CHO diet. With the low CHO diet serum triglyceride remained signi®cantly (P`0.05) reduced (Table 5) . Serum LDL cholesterol fell signi®cantly in the 34 women whose weight fell by b 1 kg on the high CHO diet (data not shown). There were no signi®cant changes in blood pressure at six months.
Comparison between the two diets for the changes from baseline to three months (Table 4) and to six months (Table  5) , showed no differences for any of the cardiovascular risk factors or anthropometry measured. The present study had a power suf®cient to exclude true differences between diets of 6% with 80% power in all cardiovascular risk factors except triglyceride, which was much higher (15%). Serum cholesterol fell by ! 10% at six months in 25% of those (10 women) on the high CHO diet, and 32.4% (12) on the low CHO diet. These ®gures were not signi®cantly different (w 2 0.52, P 0.47). 
Discussion
The present study was conducted from the point of view of uncertainty as to whether a low CHO or high CHO would lead to greater weight loss in an outpatient setting. The study was designed to have suf®cient power, with total study number 110, to exclude a difference between the diets of about 0.5 kg weight loss over three or six months. With dropouts the power was reduced, but assuming an SD for repeat measurements of 1 kg body weight, a true difference between the diet of over 0.8 kg weight loss can be excluded with 95% con®dence. In this respect, therefore, the results are in line with the classic metabolic ward studies of Bortz et al (1967 Bortz et al ( , 1968 ) and the more a Paired t-test compared to baseline: *** P`0.001; ** P`0.01; * P`0.05; ns, not signi®cant. b Independent t-test for differences between groups of the changes in anthropometry and cardiovascular risk factors. c Estimated for waist circumference, adjusted for age (Lean et al, 1996) . d BP, blood pressure. a Paired t-test compared to baseline: *** P`0.001; ** P`0.01; * P`0.05; ns, not signi®cant. b Independent t-test for differences between groups of the changes in anthropometry and cardiovascular risk factors. c Estimated from waist circumference, adjusted for age (Lean et al, 1996) . d BP, blood pressure.
recent inpatient study of Golay et al (1996) , which both found no differences in weight loss with high or low CHO diets. The literature on rates of weight loss with different diet components in conventional dietetic practice is rather small. The results of Baron et al (1986) were unexpected in showing greater weight loss on a low CHO diet. Other studies have failed to show differences on higher versus lower CHO and dietary ®bre diets (Alford et al, 1990) . Although weight loss was not found to be affected to a major degree by diet composition in this study, it remains possible that in other hands there may be differences. Enthusiasm of the dietitian or counsellor, and the beliefs of attitudes of the subjects may be important. Thus, before high ®bre/high CHO diets became popularised, a conventional low CHO may indeed have been more effective. In a carefully matched subsample in the present study, postmenopausal women signi®cantly lost more weight on low CHO diets than those on high CHO diets. Fluid retention in women consuming more CHO through increased salt intake (Boltz et al, 1967) or possibly insulin response may explain this difference. Increased glycogen storage in those consumed high CHO diets could be a plausible explanation for less weight loss than those on low CHO diets. The suggestion that older subjects may respond better to low CHO diets (through historical familiarity with this approach) is not supported by the lack of age differences in the dropouts. The present study showed no differences in dropout rates or the pro®les of dropouts between the two treatment groups.
There are many approaches which result in predictable mean weight loss of 4±9 kgÐdietary, behavioural, pharmacologicalÐand this degree of weight loss will confer important medical bene®ts from cardiovascular risk reduction in younger patients as well as by improving symptoms such as shortness of breath, tiredness and arthritis, which are major issues for older patients (Williamson et al, 1995) . The biggest clinical problem remains the maintenance of weight loss, however achieved and there may be hazards attached to`yo-yo' dieting: we have previously published data from within the present study which demonstrated a signi®cant loss of bone mineral mass in postmenopausal women who lost and regained weight over 12 months on high CHO diets, compared to non dieting controls (Avenell et al, 1994) . The best methods for long term maintenance are probably gastroplication surgery, and long-term use of centrally acting drugs to modify appetite or satiety (Guy-Grand et al, 1989) . Continued frequent professional contact is an expensive and usually less effective approach, although adherence to a programme, and the inclusion of exercise both enhance results. Exercise was not a part of the present study, but probably has a particular role for weight maintenance (Blair, 1993) . To reduce weight by 7 kg requires loss of about 50 000 kcal. This would be very hard for an overweight person to achieve solely through exercise. However the 24 h energy expenditure of a moderately active adult who reduces from 77±70 kg falls by only about 200 kcal/d (Scottish Intercollegiate Guidelines Network, 1996) . Exercise to achieve extra energy expenditure of this amount, for example by walking 30 minutes, would prevent weight regain even if the dietary intake returns to its previous level. A high CHO diet would also be expected to contribute to higher energy expenditure through greater diet induced thermogenesis and thus to increase the likelihood of weight maintenance (Lean et al, 1988; James et al, 1987) .
In view of the elevated cardiovascular risks of overweight modern medical weight management should be addressing other sources of risk, such as smoking, blood lipids, blood pressure, and haemostatic risk factors Manson et al, 1995; Scottish Intercollegiate Guidelines Network, 1996) . A reduced salt, low saturated fat, diet should thus be urged for all overweight people. The effects of diet composition on cardiovascular risk factors are perhaps the most potent theoretical reason for recommending a high CHO, low fat, approach for slimming. Given that subjects will all ultimately increase intake so that weight loss ceases, and that many will regain, it is preferable from risk factor considerations for them to be following a lipid lowering diet. The improvement in blood lipids seen in the present study at three and six months amongst those who had received the 58% CHO diet was therefore pleasing, and this evidence provides some justi®cation for continuing with this approach in preference to low CHO diets. The use of a food exchange system, with advice to continue a similar pattern of`meat',`bread',`fruit' exchanges after weight stabilisation, probably contributed to this result. Leenen et al (1993) , using a rather different study design, pointed out that the effect on lipids of weight loss and diet composition change are additive. Our results showed different patterns of blood lipids at three and six months. The lower HDL cholesterol at three months probably indicates active energy restriction at this stage, while its rise at six months, with a fall in triglyceride, re¯ects the effect of established weight loss. The lack of fall in triglyceride on the high CHO diet would be of concern if the associated small, dense LDL concentration also failed to fall, but this was not measured. LDL cholesterol fell signi®cantly in those whose weight fell by b 1 kg. The overall blood lipid pro®le was thus improved on high CHO diet, while a low CHO diet with the same degree of weight loss showed only a signi®cant fall in serum triglyceride at both three and six months.
Conclusion
A 1200 kcal diet composition of 58% energy from CHO was palatable. It did not lead to greater weight loss or risk factor improvement than a 1200 kcal diet of 35% energy from CHO in this six month study of 110 free living women, however it did result in a signi®cant improvement in blood lipids at three and six months, giving some reasons for preferring high CHO diets in routine use. Dropouts on the two diets were similar at about 25% over six months.
